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Abstract 
In product development, one critical source of knowledge is experience made in the manufacturing phase of a products lifecycle. 
Hence, the collaborative interaction between design and manufacturing is explored. Results from a descriptive case study of 
practices for reuse of manufacturing knowledge are compared with data from a previous study. Together they provide a comparison 
between three different business areas (automotive, aerospace and defense). The studies reveal similar problems in utilizing the full 
potential of knowledge reuse. This paper contributes to the research area by describing current practices within knowledge reuse. 
Furthermore, proposals for improved practices of knowledge reuse are identified. 
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1. Introduction 
Product development of a physical artifact involves 
several actors in the process from concept generation to 
serial manufacturing. The interaction between these 
actors and the management of information in this 
process has been a research topic within product 
development for decades. In product development 
literature, authors such as Cross [1], focus mainly on the 
early phases, while Ulrich, Ullman, Pahl and Beitz [2-4] 
cover a wider range. Furthermore, Boothroyd [5] focuses 
on making design better adapted for improved 
manufacturability. In this paper, the product 
development process (PDP) covers the activities up to 
and including series production. 
It has previously been shown that design 
organizations too often neglect the feedback in 
engineering environments [6]. Hence the later years 
frameworks for improving the knowledge reuse have 
been suggested, where Baxter [7] focuses on the 
management of requirements and Chan et. al. [8] 
propose a methodology for an improved reuse of 
knowledge from past product development projects.  
Other literature on knowledge reuse includes Hicks 
et. al. [9] discussion of the different nature of data, 
information and knowledge and highlights the need to 
capture and store information and knowledge in 
engineering organizations. A mathematical model to 
evaluate similarity and the potential efficiency in reusing 
manufacturing knowledge based on product 
configurations is suggested by Alizon et. al. [10]. 
Ahmed [11] developed a method for indexing design 
knowledge based on interviews carried out among 
design engineers. Liu focuses on reuse of knowledge for 
both the re-user and the provider from a computational 
perspective [12]. Another recent longitudinal study 
provides insight in how engineers spend their time 
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searching for information [13], where one of the 
recommendations is that knowledge-capture-activities 
should be established and recognized as a necessary part 
of projects. More specific Liu focuses on the capturing 
and reuse of knowledge related to the design rationale, 
i.e. the explanation of why an artifact is designed the 
way it is. 
By exploring the level of knowledge exchange 
between the product development and manufacturing 
departments, a recent contribution is provided by 
Andersson [14] who present a framework to support the 
reuse of manufacturing experience. In the search for 
possible ways of gathering manufacturing knowledge, 
both; (i) Technical support and (ii) Practices for 
collaborative engineering are suggested. Hence, it is of 
interest to investigate the latter group and, in particular, 
the collaborative design interaction between design and 
manufacturing activities which is the main focus of this 
paper.  
1.1. Reusing manufacturing knowledge 
The rationale for reusing manufacturing knowledge 
has been discussed by Andersson and Wolgast [15]. 
Figure 1 illustrates a series of succeeding product 
development projects containing the phases: concept, 
detail engineering, manufacturing preparation and series 
production. Due to the shift in time between the start-up 
of each project, the manufacturing-related knowledge 
can flow back to other projects in earlier phases and 
thereby increase their chances of producing products 
with a more cost effective and sustainable 
manufacturing. 
 
Fig. 1. Reuse of manufacturing experience as illustrated by Andersson 
and Wolgast [15] 
The purpose of this paper is to explore to what extent 
the experience gained in the manufacturing environment 
is reused within the product development department. 
Secondary it compares findings on knowledge re-use 
across industrial branches. The result presented in this 
paper is based on data from case studies at aerospace, 
automotive, and defense industries. 
The content of this paper has the following structure. 
First the methodology used for the surveys and follow-
up interviews is presented. Next the results of the three 
surveys are presented focusing on three main topics; the 
contact patterns between manufacturing and design, 
presence in manufacturing and possibilities for increased 
reuse of knowledge. This is followed by a discussion 
comparing practices across branches, a conclusion and 
recommendations for further work. 
2. Methodology 
The work is based on a literature survey, interviews, 
and two independent case studies with a similar scope. 
The case studies contains questionnaire surveys and are 
carried out at three different companies, questioning 
more than 300 employees in both design and 
manufacturing departments on knowledge reuse 
practices within their industry. 
Survey at Defense company: This survey was carried 
out among two divisional areas; product development 
(n=30), and manufacturing (n=125) in 2011. The number 
of participants represents approximately half of the total 
workforce working with both product development and 
manufacturing at this company site. 
The questionnaire was carried out as an e-mail survey 
within the product development department reaching a 
response rate of 75%. Within the manufacturing unit the 
questionnaire was distributed to the participants and 
filled out in a series of meetings where the researcher 
was present. This allowed the participants to raise 
questions related to the content of the survey. The 
questionnaire survey was inspired by a similar survey by 
Andersson and Wolgast [15]. 
The survey questionnaire was designed with 
reference to the guidelines for survey research presented 
by Forza [16]. The survey contained multiple choice 
questions and the final questions were open, allowing 
the respondents to leave their comments on topics that 
prevent or promote the reuse of engineering experience. 
Post-processing of the survey results was carried out in 
the statistical software package of IBM SPSS (Statistical 
Package for the Social Sciences) [17]. 
Survey at Automotive and Aerospace companies: The 
case study was carried out in Sweden in 2007 by 
Andersson and Wolgast and involved two companies. In 
this case study both interviews and questionnaires were 
used. Interviews, covering a rich and in depth data 
collection enabled a flexible way to sense what was 
important and focus on that issue. Questionnaires held 
multiple choice questions and written comments. Data 
from the interviews, questionnaire survey and associated 
comments were analyzed using techniques described in 
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Miles and Huberman [18]. The collected information 
was arranged in different areas with a matrix of 
categories. 
The survey was organized in three organizational 
roles, design engineering, manufacturing engineering 
and manufacturing operations. The respondents were 
asked to fill in a questionnaire and there were 30 
respondents within each of the disciplines ending up 
with 180 forms to analyze. The questionnaires were 
distributed to the participants and filled in at a meeting 
were the authors where present. The questionnaire 
survey was performed prior to the interviews and both 
the questions and the preliminary result from the survey 
was used as a basis for discussions in the interviews. 
2.1. Three case-companies 
Key information related to the case companies in the 
business branches: defense, automotive and aerospace 
are presented below. 
Defense case company: The researched company unit 
is located in small municipality in Norway dealing 
mainly with product development and manufacturing of 
rocket engines, high precision aerospace products, 
ammunition components and products for space 
programs and defense purposes.  
Automotive case company: This Swedish company 
has a long history of developing cars as an OEM. Prior 
to this study, the company has successively evolved 
from an independent manufacturer to a company within 
a large automotive enterprise. The range of experience 
covers both product development and production of their 
products over a long period of time. 
Aerospace case company: This Swedish company has 
a strong history in manufacturing of aircraft engine 
components and has recently increased the effort to 
undertake both product development and production of 
these components. This company closely collaborates 
with several different OEMs as a supplier risk and 
revenue partner. 
3. Results 
The results from the latter surveys are structured 
around three main areas; contact patterns between 
manufacturing and design (Ch. 3.1), presence in 
manufacturing (Ch. 3.2), and possibilities for increased 
reuse of knowledge (Ch. 3.3). A comparison to the 
impression from the first survey is presented in Ch. 3.4. 
3.1. Contact patterns (defense) 
Both the product development unit and the 
manufacturing unit were asked to state by which means 
they tend to communicate with their counterpart. The 
respondents were allowed to select from six different 
means of communication: large meetings, small 
meetings, run across, planned face-to-face meetings, 
telephone and e-mail. 
Altogether the product development unit gave rather 
high scores on all options, except large meetings, 
indicating a high level of communication with the 
counterpart (Figure 2). 
Within the manufacturing unit, different kinds of 
small meetings, planned or spontaneous meetings were 
the top alternative means to get in contact with 
designers. 
 
Fig. 2. Defence: Designers (red) and manufacturing (blue) means of 
communication with their counterpart unit where “2” represents 
“often”, “1”, every now and then, “0” never.  
One difference of interest is visible in the values for 
telephone and e-mail. While e-mail is the top alternative 
for designers it is placed at the bottom for 
manufacturing. The e-mails from design to 
manufacturing are obviously sent somewhere, and it 
seems reasonable to conclude that e-mails from a large 
amount of designers are channeled through a limited 
number of key employees in the manufacturing unit. 
The differences in level of contact between the 
divisions were explored through a “means of 
communication” index, which measures the accumulated 
level of the alternative means of communication. The 
departments reaching the highest scores (theoretical 
maximum is 12) in this ranking perform tasks related to 
small series production (Table 1). 
Table 1. Means of communication index for high- and low scoring 
departments in the manufacturing unit. 
Manufacturing department property Index: Means of 
communication 
Small series, craftsmanship, high value 
products, central position of value chain  
5.58 
Chemical component casting, high batch 
size, final step of value chain  
4.64 
High volume, mechanical production, 
products of low price, components  
3.44 
Dept. testing purchased components and 
standard coating processes  
2.50 
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The listing of the means of communication indicates 
a higher level of interaction between manufacturing and 
designers the higher the product is placed in the value 
chain, as well as the higher cost of the product.  
3.2. Contact patterns (defense) 
The designers were asked to state how often they are 
present in manufacturing. A total of 73% stated that they 
make a physical visit to manufacturing weekly or more 
frequently. Only a small portion (6.7%) stated that they 
are there twice a year or more seldom (Table 2). 
Table 2. Defense designers` physical presence in manufacturing in [%] 
Daily Weekly Monthly 1/2y or less 
3,3 707 20 6.7 
 
Even though the product development unit develops 
products for two distinct divisions, a comparison 
between the two different product areas showed similar 
behavior. This can, to some extent, be explained by the 
fact that the designers have a flexible employment 
contract and can be moved between the product 
divisions depending on workload in the projects. In 
addition they are located in the same area of the building 
hosting larger parts of the white collar employees. 
The relative frequent presence in manufacturing can 
also be supported through motivation from the direct 
leader. Among the designers as whole, a total of 63.3% 
stated that their leader encouraged them to actively seek 
process knowledge. 
Further, the designers were asked to state how often 
they draw on knowledge from employees in 
manufacturing. A total of 60% stated that they do so by 
every new design, and the remaining 40% stated that 
they do so every now and then. No designer stated that 
they do so seldom or never. Designers gave similar 
answers for both product divisions. 
The frequency the manufacturing respondents claim 
to be consulted to support designers in product or 
process-related issues stands in contrast to the 
corresponding questions for designers. A total of 19.6% 
stated never to be consulted by design. Further, 35% 
stated that they were rarely counseled and 32% every 
now and then. About 13% claimed to be asked on every 
new product. Within the manufacturing unit, the 
differences between the divisions are visible (Figure 3). 
Clear differences are visible in the percentage amount of 
manufacturing operators stating that they are consulted 
on every new product in one division (n=42), over 25% 
confirmed this in comparison to only 6% in the other 
division (n=80). The latter division manufactures high 
volume products with a considerable lower product 
value than the first. 
 
Fig. 3. Manufacturing units` statements split by product division on 
how often they are consulted by designers on product or process-
related issues. 
Regarding how the units of manufacturing operator 
perceived the level of presence of designers in the 
manufacturing environment, the following impressions 
were gathered through comments on the survey 
questionnaire and through direct interviews. One 
foreman in a mechanical division stated “there are large 
differences in individual practices among the designers 
and project leaders. My experience is that those who 
spend some time on the shop floor tend to succeed better 
than those we never see”. Some operators, on the other 
hand, claimed hardly ever to have seen product 
development engineers in their work environment. 
3.3. Possibilities for increased reuse of knowledge 
(defense) 
Both designers and the manufacturing unit were 
asked to describe their ideas of which possibilities and 
limitations they see regarding the reuse of project-related 
knowledge. Among all participants, a total of about 160 
comments were given. On average the unit of designers 
expressed their ideas in 23 words per comment in 
comparison to the more compact statements from 
manufacturing (9 words per comment). A table of the 
categories considered to have the highest relevance is 
displayed below. 
Table 3. Categories of comments regarding possibilities and limitations 
for knowledge reuse. 
Possibilities Limitations 
Communication Communication (distance) 
Capturing experience data Internal variation 
Product experience across 
projects / divisions 
Knowledge reuse limiting ability 
to innovate 
The workmode of design Outer demands 
Within the large category of communication both 
possibilities and limitations were seen. Possible ways of 
improving knowledge reuse were kick-off sessions on 
new products, drawing reviews and a closer relation 
between designer and manufacturing. Among the 
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limiting factors the physical distance was often 
mentioned. Regarding possibilities in capturing 
experience data, some of the comments were focusing 
on the need to store data in such a fashion that it is easy 
to find and apply for later purposes. Some mentioned the 
possibilities of replacing obsolete manufacturing 
equipment with newer equipment containing SPC 
logging. 
3.4. Comparison to the first case study  
Contact patterns: Within the case study of 
automotive and aerospace the survey covered three 
functional units (Figure 4) in comparison to the two 
units covered in the defence study. In the case of 
aerospace and automotive manufacturing engineering 
(ME) is separated from manufacturing operations (MO) 
where the first handles process-related tasks as 
preparation etc. and the latter serves the operation of 
production equipment. The contact pattern mapped in 
Figure 2 represents in this comparison a mixture of the 
links between design engineering (DE) and ME (link “a” 
Figure 4) and link “c” representing the relation DE to 
MO. 
 
Fig. 4. The scope of the three units covered in the study on practices in 
automotive and aerospace. 
Due to company size and functional organizing the 
split in three units was not conducted in the latter case 
study on defense practices. Figure 5 presents the answers 
of the preferred means of communication between ME 
and DE (bold line in Figure 4). 
 
Fig. 5. Top means of communication between ME and DE in both 
directions for automotive and aerospace case companies.  
Telephone, e-mail and small meetings are here the 
preferred alternatives of communication. Netmeeting is 
hardly visible among the answers. One reason for the 
low usage of netmeeting can be found in one of the 
interviews “Netmeeting is not used today of at least two 
reasons, one is that since the Design and Manufacturing 
is located at the same location, making it easy to discuss 
a problem face to face. Another reason that it is not used 
is that it does not work properly with CAD files so you 
are not able to share your view of the model”.  
Presence in manufacturing: The first case study 
included three categories of employees. The additional 
category of manufacturing engineers was left out in the 
second survey as the defense company had a less clear 
split between manufacturing and manufacturing 
engineers. Clearly the function manufacturing engineers 
was present at the defense company as well; however, 
they were often defined as an integral part of the 
manufacturing unit. 
A comparison to the answers left in Table 2 is visible 
for two units in the automotive (Auto) and aerospace 
(Aero) companies. This table (Table 4) includes the 
demarcation between manufacturing engineers (ME) and 
design engineers (DE). 
Table 4. Aerospace and automotive a comparison between design 
engineers and manufacturing engineers physical presence in 
manufacturing. 
[%]  Frequency of physical presence in 
manufacturing 
Branch Function Day Week Month 1/2y or 
less 
Auto DE 0 17 52 31 
Auto  ME 23 43 15 19 
Aero  DE 7 22 44 27 
Aero  ME 70 11 15 4 
 
Manufacturing operators within aerospace and 
automotive were questioned regarding the frequency in 
which they were physically in the engineering office. 
The large part of the operators had never (aerospace 
83%, automotive 39%) been in the engineering office or 
only annually (aerospace 17%, automotive 50%). A 
visible difference was noticed regarding the larger 
portion of manufacturing operators visiting designers in 
automotive where 7% reported to enter the engineering 
department every six months, and 4% monthly. 
Possibilities for increased reuse of knowledge: The 
first case study identified several technical systems that 
support the reuse of feedback of manufacturing 
experience. One source of knowledge is the capture of 
lessons learned. Within automotive there both existed a 
global database handling design related issues for the 
corporate, as well as a similar database for 
manufacturing operations. The latter served the sharing 
of good ideas among European factories. Aerospace had 
a shorter history of documenting lessons learned 
resulting in filing the reports in project areas with 
limited access, making the search for data cumbersome. 
Aerospace also showed a vast collection of measurement 
data from manufacturing. For both industries the 
designers utilized this source of knowledge to a low 
degree.  
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4. Discussion 
Manufacturability is, if not the most, one of the most 
critical drivers for the total product cost. Hence, research 
to better understand companies’ situations and current 
processes for re-use of manufacturing knowledge is 
essential and enables further research to develop new 
methods and tools to better utilize existing knowledge. 
It is clear from the surveys conducted in all case 
companies that although manufacturing workers are 
included in design decisions, a large part of the 
workforce is omitted from the design process and 
frustrated on recurrent design flaws. There may be 
different reasons for this situation and one is probably 
the size of the design teams, limiting the number of 
people knowledgeable in manufacturing processes to one 
or two people. Another reason that was mentioned as a 
comment from one of the respondents is that as a worker 
who possesses great experience in the manufacturing 
processes is committing most of their time to new design 
projects, and their knowledge is outdated and the needed 
network within manufacturing is getting “thinner”. 
5. Conclusion and further work 
One of the main findings in this comparison is that all 
companies identify similar problems in utilizing the 
potential of knowledge reuse. The study also reveals 
differences in the perceived level of involvement, 
information and degree of contact between the 
companies.  
Trough knowledge gained in the previous study it has 
been possible both to “re-search” and to compare the 
results from the second, questionnaire survey. 
Comparing research from different industries contribute 
to the body of knowledge with relevance for both 
practitioners and academia. 
It is concluded that the surveys revealed frustration 
from both the design unit as well as from the 
manufacturing unit. The manufacturing staff perceived 
an unnecessary recurrence in design errors with a 
negative impact on manufacturability. The people in 
manufacturing perceive a low level of involvement in 
the design process but, at the same time, designers claim 
that the manufacturing organization has been involved in 
the design and should have responded earlier in order to 
avoid costly redesign late in the product development 
process.  
The involvement of manufacturing experience in the 
design decisions is often limited to one production leader 
or a person who is considered highly experienced and 
knowledgeable in the manufacturing processes.  
This research shows that there is a potential for 
further investigation and possible development of 
methods and tools for improved capturing and reuse of 
manufacturing knowledge. This knowledge, gained by 
manufacturing employees, can be utilized better in the 
design process when it comes to manufacturability 
topics. 
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